ABSTRACT. Characteristics of over 50 tundra fires, located primarily in the westem Arctic, are summarized. In general, only recent records were available and the numbers of fires were closely related to the accessibility of the area. Most of them covered areas of less than one square kilometre (in contrast to forest fires which are frequently larger) but three tundra fires on the Seward Peninsula of Alaska burned, in aggregate, 16,000 square kilometres of cottongrass tussocks. Though tundra fires can occur as early as May, most of them break out in July and early August. Biomass decreases, and so fires are more easily stopped by discontinuities in vegetation, with distance northward. 
INTRODUCTION
Little has been written on the subject of Arctic tundra fires and almost no detailed quantitative information on them exists in the recorded literature, but fires occurring near the treeline both in the Arctic and in alpine areas have received much more frequent mention. For instance, it has been demonstrated in alpine treeline studies that forested areas may become tundra-like after fires, because trees reestablish extremely slowly (Billings 1969 Before 1970, the only data available on tundra or forest-tundra fires in the Canadian Arctic were those supplied by Brokx (1965), Cochrane and Rowe (1969) , and Cody (1964 and Cody ( , 1965 . More recently, the 1968 tundra and forest-tundra fire near Inuvik in the Mackenzie Delta area has been examined from the point of view of disturbance (Mackay 1970; Heginbottom 1972) and plant recovery (Wein and Bliss 1973) .
One of the first steps in assessing the importance of Arctic tundra fires is to obtain data concerning the frequency and characteristics of past outbreaks. Such information is presented in this paper.
METHODS
Records of tundra fires have been accumulated since 1970 by the present author as a result.of his field work in the Northwest Territories and in the northern Yukon Territory. A questionnaire was sent to researchers, who have worked or are working in the North, requesting observations on fires, and Canadian government fire records were examined also. With the aid of high-altitude satellite imagery which has recently become available, fires of recent occurrence were located, some definitely, but even more provisionally. Recent large fires in sparse vegetation can be located with relative ease, but ground investigation is essential to be certain of identification. Those who are particularly interested in an example should examine the summer-1972 satellite imagery of the fire which occurred in 1968 immediately east of the town of Inuvik, Northwest Territories. The northern part of the burned area is in the tundra zone and the boundary between the burned and unburned areas is very distinct. When small areas of tundra were burning at the same time as satellite imagery was in progress, a plume of smoke provided easy identification. An example of this has been published in Shilts (1975).
RESULTS AND DISCUSSION
Few respondents to the questionnaire reported tundra fires. The general type of response is indicated by the personal communications of two researchers who have spent considerable time in the tundra. Dr. J. P. Kelsall, of the Canadian Wildlife Service, has stated: "In all my years working on the tundra I never did see a fire of any signilicant size." Dr. D. M. Hopkins of the U.S. Geological Survey noted several tundra fires on the Seward Peninsula of Alaska in 1947, and although he visited the area regularly he did not recall seeing burned areas again until 1971 when lightning strikes during frequent thunderstorms ignited many. In essence, the respondents indicated that tundra fires occurred infrequently, and were invariably small in areal extent.
Frequency and distribution
The frequency of tundra fires is v e q low when compared to that in forested areas of Canada (Simard 1975) Fire has also been recorded as far north as 70'N latitude in the U.S.S.R. (Kryuchkov 1968a, b) . Fires will probably be found in other parts of the mainland Arctic in the future, because there is sufficient biomass (i.e. weight of vegetation per unit area, sometimes referred to as "fuel") to carry a fire, at least in local areas. No fires are expected in the Canadian Arctic Archipelago, because biomass there is insufficient and too discontinuous.
Tundra fire records for the eastern Arctic are rare. Several reasons might account for this, among which would be the inaccessibility of the area to people who could start fires, and the climatological bnditions that result in low f i e weather indices (Simard 1973) . The only record from the tundra of northern Que bec was from Rousseau (1968 p. 500) who indicated that tundra fires were important and started easily when lichens became dry. The Forest Protection Service of the Government of Quebec had no record of tundra fires up to and including 1975, and Wilton and Evans (1974) recorded no fires for tundra areas of Labrador.
Fire size
The size of area over which a fire spreads is strongly influenced by meteorological conditions. When these conditions are conducive to burning, biomass and topographic variability within the area determine the ultimate extent of the fire. As biomass diminishes, topographic discontinuities become more important. This is exemplified by records of fire sizes between Inuvik and Tuktoyaktuk in the Mackenzie Delta area (Table 2) . Fires near the treeline are larger, because the biomass and subsequent release of energy is sufficiently great to permit the fire to jump across drainage channels and other small areas of normally-wet vegetation. Further north, the limited biomass does not generate enough energy to burn readily through the moist areas, into the wind, or down-hill.
In the District of Keewatin variation in biomass is not as great as near the Mackenzie Valley; therefore, one would expect fire size to depend on topographic discontinuities.
Causal agents
Lightning, until recently, has been the main causal agent of tundra fires, although indigenous peoples and early fur traders may have left campfires along river trans-portation routes which burned from the forested lowlands up into the tundra.
Meteorological records indicate that lightning storms decrease in frequency with increased distance north, and about three times as many lightning storms occur in the eastern part of the District of Keewatin as in the western part of the District of Mackenzie (Kendrew and Currie 1955 determined multiple tundra fires from one storm in the District of Keewatin when satellite imagery took place at the same time as the fires burned, and the smoke plumes provided ready identification.
As industrial activity increases on the tundra, there will probably be an increase in the percentage of fires caused by man, just as in the boreal forests. Man has ignited 10 of the 12 tundra fires of known cause between Inuvik and Tuktoyaktuk ( Table 2) .
Dates of fires
Fires can be ignited as soon as the snow melts and the vegetation dries. This can be as early as mid-May or as late as the end of August. Great length of day early in the season is conducive to melting the snow and drying vegetation and plant litter. The possibility of fire in September is small because of the higher humidity levels associated with the reduced length of day. The fire at 68'53'N, 133'42W (Table 2 ) , which started on 13 June 1974, burned in spite of patches of snow in depressions and in the leeward of shrubs. This fire burned only the standing vegetation, because the surface soil was saturated. It is to be expected that fires which occur later in the season under drier conditions will remove more surface-soil organic matter and kill more plant parts, so that there will be slower rates of regeneration of the plant community. This hypothesis, however, requires testing with experimental fires.
Fire dynamics
Tundra fires have burned through a considerable variation in landscape types, but there is insufficient detail in the records to determine the specific communities burned. Dwarf heath-lichen, dwarf willow-birch, cottongrass, and even sedge meadows in years of low precipitation, have burned (Shilts 1975 ; Wein and Shilts 1976) .
Fire dynamics are poorly quantified at present, but a few generalities can be given from a bum located at 68'25'N, 133'35W ( Table 2 ). This fire burned from 8-13 August 1968 after a drought period of 86 days. It spread north from the open forest-tundra near Inuvik to about 15 km into the tundra. Near Inuvik the groundfke was blocked by fire-guards, by streams that normally have flowing water in summer, or by small lakes. In $e tundra of the northern part of the burn, small streams or even polygon cleavage$ were sufficient to block the fire. Tundra with scattered trees was more susceptible to fire than the tundra to the north, but not all of the former vegetation type burned. White spruce trees and alder shrubs located along stream channels survived, because the wet moss understory did not carry the fire. Some small areas of paper birch on the southwestfacing slopes survived because the understory of grass, shrubs and litter layer carried only a light fire. In moss-dominated depressions fire burned large areas of dry moss. There were, however, some areas where the moss was sufficiently wet to permit the survival of a few black spruce trees. Narrow bands of lakeside sedge communities usually did not burn.
Tundra vegetation also carried the fire, but here the fire boundary was irregular. Lowland areas of polygons usually burned; however, a few raised polygons were protected from fire where the surrounding trenches were sufficiently deep. Even small drainageways protected some areas. The streamside willows usually were not damaged, and the fire stopped within a number of communities where vegetation cover was discontinuous. In communities with discontinuous plant cover the fire stopped, at least in part, because of the lack of fuel, although many other ambient environmental factors such as precipitation, wind and topography were Few data exist, as yet, on the rate of spread of fire in Arctic vegetation. Some calculations made from Hill (1969) indicated that the 1968 fire travelled about 3 km per day in the forested areas, while in the tundra the movement was about 2 km per day. Shilts (1975) has observed tundra fires moving very rapidly across sedge meadows and one fire that burned at a rate of one metre per minute against a 10-1 5 km-per-hour wind. Experimental studies to objectively determine fire rate-of-spread and the magnitude of controlling factors remain to be conducted.
important.

CONCLUSIONS
Arctic tundra fires do occur, although there are few actual records of them. With increased industrial activity fire frequency will probably increase as it has in more southerly areas. Most tundra fires are infrequent and are relatively small when compared to fires in the forest-tundra or closed forest farther south. Little is known about the ecological significance of tundra fires, but if they are to be studied in the future an accurate record of them should be maintained. If fires are not recorded within a few years, there may be sufficient vegetation regrowth for the burn not to be readily noticed. It is hoped that this paper will stimulate sufficient interest in tundra fires for at least the locations of them to be recorded. 69" 27' N, 132" 57' W 69" 26' N, 131" 20' W 69" 25' N, 133" 01' W 69" 24' N, 133" 03' W 69" 23' N, 133" 09' W 69" 23' N, 132" 57' W 69" 20' N, 133" 02' W 69" 17' N, 133 Not known 
